The possibility of a correlation between dengue virus genotype groups and disease severity is currently under discussion. The objective of this investigation was to identify any immunogenic difference between the American and Asian dengue 2 virus genotypes through the study of antibody development (virus-binding immunoglobulin G and neutralizing antibodies) in mice. Differences in the neutralization pattern between the strains studied were observed, suggesting the presence of slight antigenic variations among them. The lack of recognition of one of the Asian genotype strains was remarkable.
Currently, dengue viruses (Den1 to Den4) are considered the most serious arbovirus pathogens causing morbidity and mortality. The development of a vaccine against these pathogens has been hampered by the need to protect against the four serotypes in order to prevent the risk of the severe form of the disease, dengue hemorrhagic fever (DHF) (13) .
Dengue virus strains of a common serotype have been classified into genotypes. In the particular case of Den2 viruses, both the American and Asian genotypes have been associated with distinct clinical presentations in humans. The first, isolated in 1953 in Trinidad and Tobago, has not been associated with DHF epidemics; in contrast, both branches of the Asian genotype have been related to the main DHF epidemics that have occurred in the American regions since 1981 (8, 11) .
The relevance of genotypic and antigenic differences among dengue virus strains to disease severity and vaccine efficacy remains unclear. At present several vaccine candidates based on attenuated live or genetically engineered viruses have been developed and tested in human trials; however, the cross-neutralization patterns among dengue virus strains of different serotypes have not been very well established (4) . Studies on Japanese encephalitis virus (JEV), a related flavivirus, have also evidenced differences among strains. These previous results suggest that JEV strains differ in their ability to be neutralized by vaccine-induced immunity. Recently the abilities of human, monkey, and rabbit anti-JEV sera to neutralize different wild-type strains of JEV were studied, and large differences in the abilities of these sera to neutralize the panel of wild-type JEV strains were shown (9) .
Considering that the presence of specifically neutralizing dengue virus antibodies is one of the most important markers of protection against dengue virus, we proposed to identify any immunogenic difference between the American and Asian Den2 genotypes by studying the antibody patterns (virus-binding immunoglobulin G [IgG] and neutralizing antibodies) in the hyperimmune sera and ascitic fluids obtained from immunized mice.
Three Den2 strains previously isolated from the sera of dengue fever patients were employed in the study: the Cuban strain A15 (1981 epidemic), the Cuban strain 58/97 (1997 epidemic), and strain I348600 (Colombia, 1986). The first two strains have been classified as belonging to the Asian genotype and were isolated during DHF epidemics. The third strain belongs to the American genotype and was associated with mild disease (2, 11, 12) . Viruses were grown in C6/36 HT cell cultures, and supernatants were concentrated by 3 h of ultracentrifugation at 80,000 ϫ g and 4°C on a 30% sucrose cushion prepared in phosphate-buffered saline.
Groups of 10 6-week-old female BALB/c mice were immunized by the intraperitoneal route with a single immunization dose of live virus (10 4 PFU) and an equivalent antigen titer from each strain. Animals were bled retro-orbitally 7 days postimmunization. Twenty-three days after immunization, mice were inoculated with 0.5 ml of a suspension of Sarcoma 180 tumor cells. Hyperimmune mouse ascitic fluid (HMAF) was collected 10 days later. Both sera and HMAF were tested individually.
The levels of IgG binding antibodies were determined by an enzyme-linked immunosorbent assay (ELISA) as previously described (5) . Neutralizing antibody titers were determined by a plaque reduction neutralization technique (PRNT) on BHK21 cells as previously described by Morens et al. (10) . End point titration was calculated by using probit analysis. The serum dilution resulting in 50% plaque reduction was considered the end point titer. In both assays, ELISA and PRNT, culture supernatants of the three Den2 strains were used as antigens. Geometric mean titers (GMT) of antibodies were calculated, and data were analyzed by Fisher's test using Epi Info, version 6.04a (text, databases, and statistical process for public health; Centers for Disease Control and Prevention, Atlanta, Ga.).
The reciprocals of GMT of antibodies determined by ELISA both in serum samples and in HMAF are shown in Table 1 . Serum samples obtained from mice immunized with Den2 strain A15 showed similar GMT of antibodies to all of the strains studied. In contrast, serum samples obtained from animals immunized with strain 58/97 or I348600 showed the highest titers to the homologous strain. In both groups of serum samples, the difference among titers of antibodies to the three Den2 strains tested was statistically significant (P Ͻ 0.05). Titers observed in HMAF from 58/97-immunized mice were highest; however, the antibodies induced were cross-reactive to the heterologous Den2 strains.
In spite of the antibody titers detected by ELISA, no neutralizing antibody was detected at a 1/10 serum dilution. This phenomenon could be related to the time required for antibody maturation (6) . Table 2 shows the reciprocals of GMT in HMAF as detected by PRNT. Low titers of neutralizing antibodies were observed. In order to improve the specificity of the antibody response, only one immunization dose was used for each animal. This could be the cause of the low neutralizing-antibody titers obtained. Two patterns of neutralization were observed: a specific antibody response to the homologous virus was observed in mice immunized with strain A15, and a heterologous antibody response was observed in mice immunized with either strain 58/97 or strain I348600. In Den2 58/97 immunized mice, the differences among titers of antibodies to the three Den2 strains tested were statistically significant (P Ͻ 0.001).
It is noteworthy that no neutralizing antibodies to strain 58/97 were detected in any of the HMAF studied. Cecilia and Gould reported the existence of JEV mutant strains that could not be recognized by homologous or heterologous neutralizing antibodies (1) . The possibility that strain 58/97 could represent an escape mutant virus deserves further study, considering the hypothesis that argues the rise of natural escape mutants during dengue epidemics in order to explain the rapid increase in dengue case fatality rates within epidemics. This Den2 strain was isolated during the 1997 Cuban epidemic, where significant monthly increases in several severity markers were noted (3).
Kochel et al. first reported a one-way cross-strain neutralization pattern in the American and Asian Den2 genotypes. Seventeen serum samples, from individuals probably infected with the American Den2 genotype, neutralized four Den2 strains of both genotypes with variable titers (7) . The crossstrain neutralization patterns in serum samples from individuals first infected by a Den2 Asian genotype (strain A15) are being studied; preliminary results suggest a higher specificity for the infecting virus (M. G. Guzman et al., unpublished data) . These observations are in agreement with the neutralization pattern observed in our study in serum samples from mice inoculated with strain A15.
The differences observed by our approach could be related to specific antigenic differences among Den2 strains. Recently, Leitmeyer et al. (8) reported some important amino acid differences in the membrane and envelope proteins of Den2 strains of the two genotypes. Neutralizing epitopes are expected to occur on both structural proteins. The Cuban strains employed in this study contain the amino acid changes proposed by Leitmeyer et al. to be important for pathogenicity (Guzman et al., unpublished) .
In conclusion, the differences observed in the neutralization pattern suggest the presence of slight antigenic differences among the strains studied; the lack of recognition of the Den2 strain 58/97 is remarkable. These differences could be important for vaccine development. Studies using sera from Den2immunized monkeys and immune individuals to evaluate the humoral response to different Den2 genotype are under way. 
